Examinations of children and adolescents presenting to child mental health services often include a clinical assessment of intelligence. To obtain information beyond an experienced clinician's estimate, IQ tests are routinely used. This information is valuable to assess coping strategies and school competency of an individual patient. The assessment of cognitive functioning is also of fundamental importance because many outcomes are directly or indirectly related to cognition. The fact that a PubMed search (look-up February 4, 2018) of articles published in European Child and Adolescent Psychiatry (ECAP) since 2017 revealed a total of ten articles [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] for "intelligence" and 30 for "cognit*" (approximately one-eighth of all ECAP articles published 2017 or 2018) underscores this relevance.
Before we dwell on the detection of genetic variants associated with intelligence, we provide a brief overview of the measurement of intelligence itself, a topic of great controversy. One measure, routinely used by clinicians and researchers nowadays, is based on ideas conveyed by Charles Spearman, a psychologist and statistician, who hypothesized that because human cognitive abilities tend to correlate, they reflect a unique construct-the "g factor" (general intelligence). In 1905, Binet and Simon [11] proposed the first standardized test measuring children's cognitive abilities (the Binet-Simon test), modified by William Stern in 1912 to create an 'intelligence quotient' (IQ) relative to the child's age, and expanded by David Wechsler in 1939 to be applicable to adults [12] . In general, tests of IQ involve verbal and non-verbal exercises examined in terms of success and speed of execution. The discussion regarding the different types of IQ tests and their respective advantages/disadvantages is beyond the scope of this article. However, it is important to note that the way in which intelligence is measured is, by design, predictive of abilities that are correlated with individuals' school achievement, later job performance, as well as socioeconomic position [13] . Some of the main criticisms of standard IQ tests are that: (a) they consider intelligence to be fixed; (b) they are not appropriate for children with disabilities; (c) they may be culturally biased; and (d) they fail to capture important life abilities such as creativity, critical thinking or sense of humor.
The contribution of innate characteristics is often assessed with estimates of "heritability", defined as the proportion of the variance of a particular trait attributable to genetic factors within a given population. The search for hereditary traits that predict intelligence within the normal range is longstanding, and goes back to at least the nineteenth century and research conducted by Galton [14] . Heritability is generally estimated in twin samples, where monozygotic and dizygotic twins are compared to draw inferences regarding the role of shared, non-shared environmental and heritable factors to a given trait. With regard to IQ, estimates of heritability range between 0.4 in early childhood to 0.85 in adulthood [15] . Breaking general adult cognitive ability into specific sub-domains, heritability estimates tend to be higher for spatial ability and perceptual speed (above 0.6) than for verbal ability and memory (below 0.5).Because intelligence is correlated with educational achievement and socioeconomic characteristics, it is worthwhile to consider heritability estimates for these phenotypes as well. Thus, for educational achievement, measured as success on standard tests in primary or secondary school, heritability estimates 1 3 are also generally above 0.6, while 0.4-0.6 of the variation in socio-economic characteristics, such as living in a deprived neighborhood, has been estimated to be heritable [16, 17] .
Recently, for the first time, research has proved successful in identifying polygenic loci involved in intelligence [18] [19] [20] , educational attainment [18, 21, 22] , as well as social deprivation and household income [23] . These investigations based on very large samples and meta-analyses thereof identified up to 187 loci involved in intelligence [20] . Whereas each locus has a small effect, the total IQ variance explained by all of the 187 loci amounted to approximately 4-7% in three different study groups. This is roughly double the currently explained variance for the phenotype body mass index (BMI; kg/m 2 ), for which over 200 genome-wide significant loci have been detected [24] . For educational attainment, defined via the number of attended school years, the estimated effect sizes of the lead single nucleotide polymorphisms (SNPs) ranged from 0.014 to 0.048 standard deviations per allele equivalent to 2.7-9.0 weeks of schooling [21] .
SNP-based heritability estimates make use of all SNP data for a particular phenotype, not just those few SNPs that surpassed the genome-wide significance threshold of p ≤ 5 × 10 −8 in a respective genome-wide association studies (GWAS). Such SNP-based heritability estimates 'explain' up to 25% of the variance in IQ [18] [19] [20] , thus-and similar to other complex phenotypes-remaining well below the heritability estimates based on twin or family studies, which typically range from 0.5 to 0.8. Similarly, SNP-based heritability estimates explain 0.11 and 0.21 of variation in, respectively, household income and social deprivation [23] . This phenomenon of mismatch between twin (or family) study-based heritability estimates and SNP-based heritability estimates, referred to as the "missing" [25] or "hidden" [26] heritability, has been observed for most traits and is the object of many scientific debates (see, e.g. [27] ).
The elucidation of genes with small effect sizes for the dimensional phenotype 'IQ' complements longer standing research into the molecular mechanisms underlying intellectual disability. The search for variants with small effect sizes based on GWAS has just begun; a much improved insight will evolve over the upcoming years as sample sizes increase, techniques of investigation become increasingly sophisticated and bio-statistical methodology improves. As with other polygenic traits, the path from (a) identification of a locus via genome-wide significant SNPs to (b) the underlying gene and (c) the elucidation of the functional implications of genetic variation is arduous. Currently, pathway analysis has implicated genes involved in neurogenesis and myelination in addition to genes expressed in synapses [20] . Furthermore, "general cognitive ability" (i.e., "g"), usually studied as a proxy of intelligence, is a complex phenotype with many different sub-domains. As such, studies need to disentangle the genetic architecture of these sub-domains. For a start, Davies et al. [18] determined that SNP-based heritability was highest for verbal-numerical reasoning (0.31) followed by that for reaction time (0.11); for memory, the SNP-based heritability estimate was lowest (0.05).
The insight into the genetic architecture of the traits 'intelligence' and 'educational attainment' has additionally allowed the calculation of SNP-based genetic correlations between these phenotypes and with other phenotypes such as mental disorders. The genetic correlation between educational attainment and intelligence has been estimated to be r g = 0.7 [19] , indicating a high overlap in the polygenic basis of the two phenotypes at the DNA level. Genetic correlations between social deprivation and years of education and childhood IQ are estimated to be, respectively, about 0.5. Higher genetic correlations of 0.9 and 0.7 were observed for household income and years of education and childhood IQ, respectively [23] . As for mental disorders/ traits, positive genetic correlations between educational attainment and anorexia nervosa, bipolar illness and schizophrenia, respectively, have been detected. The respective correlations between educational attainment, neuroticism and Alzheimer's disease have been found to be negative [21, 28] . Genetic correlations with educational attainment and intelligence have also been identified for somatic and anthropometric traits (see Table 1 ). Positive genetic correlations can imply that a proportion of the genetic variants are directly involved in both phenotypes (biological pleiotropy; see [24] ); in negatively correlated phenotypes, the two phenotypes also share a proportion of predisposing loci albeit with a preponderance of opposite alleles. In contrast to biological pleiotropy, mediated pleiotropy [23] entails that the correlation is not causal but instead due to a third phenotype/ condition that underlies the observed genetic correlation.
These studies mark the entry into the molecular dissection of complex dimensional phenotypes such as intelligence. The novel findings have face value. Innate, biological characteristics can influence cognitive abilities, which predict educational achievement, which in turn is the basis of socioeconomic position in modern Western societies. In other words, intelligence and socioeconomic standing reflect what philosopher Jean-Jacques Rousseau referred to as a 'natural inequality' [29] . But, is it really that simple?
It is important to bear in mind that twin-and family-based heritability estimates for cognitive abilities of normal range are typically quite high, but nevertheless vary [30] . This heterogeneity may be due to methodological differences in genetic and statistical tests used, in sample sizes, or in the way in which individuals' cognitive abilities are ascertained. In particular, it is well known that tests measuring cognitive ability only measure certain types of intelligence and are subject to a 'practicing effects' [31] . Therefore, results of studies using general, standardized measures of intelligence 1 3
should be generalized with caution. In particular, individuals with higher educational attainment may have more training on tests of cognitive abilities, which could strengthen correlations between these two constructs. Second, data examining social deprivation in studies reporting genetic influences are based on aggregate neighborhood-rather than individual data [23] . Neighborhood-level socioeconomic factors cannot be considered adequate proxies of individual situations, and are more likely to suffer from misclassification bias (up to 30%; [32] ). In other words, it is difficult to say what type of life experience this measure actually captures. Third, much of the discussion regarding the relevance of genes in shaping intelligence and socioeconomic attainment leaves aside the role of environmental factors which obviously play an important role [33] . This argument is strengthened by the observation that IQ and educational levels have increased over time [34] : on average, in industrialized countries, IQ scores have risen by 0.2 SD per decade since 1950 [35] ; during the same period, the percentage of 25-34 year olds with tertiary education across the OECD has increased from approximately 10 to 40% [36] . This "Flynn effect", which appears to have stalled in most countries more recently, cannot be explained by changes in the genetic composition of populations. Rather, it reflects environmental changes in demographic and socioeconomic patterns, nutrition, as well as educational and social (i.e., the number of children per family, average family income, access to higher education) policies. Similar phenomena have happened in other areas, for instance with regard to secular changes in body mass index and obesity rates. Despite the substantial increments in the rates of obesity over time, the heritability estimates for BMI have remained rather constant over the same time period [37] ; we are unaware of a similar study for the assessment of heritability estimates for IQ. The BMI data clearly indicate that despite substantially increased rates of obesity, which highly likely reflect an environmental influence, both the fractions of the BMI variance attributable to genetic and environmental factors have not changed. Fourth, it has been shown that genetic influences on intelligence interact with socioeconomic factors and that the strength of the respective gene x environment interactions varies across countries, highlighting the role of societal context and policy [38] . The idea that genetic factors alone will serve to reliably identify individuals who are likely to have high or low intelligence levels is simplistic.
Nevertheless, the detection of multiple loci proves that genetic factors that affect cognitive functioning exist and that-directly or indirectly-they have an impact on educational attainment and socioeconomic standing. Furthermore, if some of the above-cited methodological problems can be overcome, the power to detect more loci may well increase. For example, the use of a truly representative dataset could increase variability of both IQ and socioeconomic position and thus entail a higher probability of detecting genetic factors. Similarly, the use of individualized instead of neighborhood data could also boost power. What are the implications of these research findings for child and adolescent psychiatry? What do we need to know, what issues need to be discussed critically? How will our societies use this novel information and how can we ensure that the results will not be abused? This editorial can open but a first door into this highly relevant discussion by making childhood mental health care professionals more aware of these recent developments. It should be pointed out that other fields in medicine are also confronted with the implications of the recent advances into the genetic architecture of complex diseases. It is conceivable that medicine in the future will rely on DNA arrays and algorithms to calculate individual polygenic risk scores for many diseases. The array in itself is inexpensive (its current cost is less than 100 Euros) particularly considering that the biometric analysis of SNP data will provide results applicable to the whole life span of the individual which may serve as a basis for individualized and cost-efficient preventive and diagnostic assessments. In addition, the increment in the understanding of the complex etiology of such diseases may drive the development of novel therapeutic interventions.
Obviously, polygenic risk scores will have no or little implications if they are in the medium or low range for a specific disorder. If, however, a high risk (e.g., individuals with polygenic risk scores in the top 1-5%) ensues for a particular disease, prevention and early detection become important. Any given individual would thus likely have a high risk for single disorders only; the information content would clearly exceed that obtained via taking a complete family history. Such information would definitely impact our lives and societies as a whole; accordingly, the question arises whether we are willing and able to cope with such high risks for diseases, the onset of which may be decades away. Furthermore, how is this information going to be used in our societies (e.g., prenatal screening, screening to access certain schools or particular jobs)?
Without doubt, the elucidation of genes involved in intelligence and socioeconomic factors represents one of the most challenging societal issues within this context. In the following paragraph, we discuss a few issues that have come to the mind of the two authors.
1. Will IQ tests become obsolete? Will the assessment of a child's cognitive functioning in the future be based on blood sampling allowing the quantitative and qualitative identification of DNA variants involved in intelligence via a specific algorithm, rather than psychological diagnostics? The answer is a clear cut no. Environmental influence can definitely override the genetic makeup of an individual. This is definitely the case if severe environmental factors such as peri-and postpartal hypoxia or pre-and postnatal infections, as well as social deprivation impact the development of a child. To illustrate, a twin study [39] has shown that heritability estimates for IQ are high (> 0.8) in offspring raised by parents with high socioeconomic position. However, among children growing up in families with very low socioeconomic background, heritability estimates are close to zero. Similarly, a recent meta-analysis shows that interactions between genetic and socioeconomic factors with regard to children's intelligence and academic attainment are stronger in the United States than in Western Europe and Australia, suggesting that social and educational policies influence the predictive power of genetic factors [38] . 2. Can these findings impact the diagnostic assessment of an individual child? A recent study exemplarily illustrates the potential of these novel findings for the assessment of reading performance in childhood. Thus, Plomin and coworkers [40] created individual-specific genetic scores (genome-wide polygenic scores; GPS) for years of education (based on [22]) to predict reading performance at ages 7, 12 and 14 and on reading tests administered at ages 7 and 12 in an UK sample encompassing 5825 genotyped subjects representative of British families for ethnicity, family SES and parental occupation. The GPS accounted for up to 5% of the variance in reading performance at age 14. GPS predictions remained significant after accounting for general cognitive ability and family socioeconomic status. Reading performance of children in the lowest and highest octile (12.5%) of the GPS distribution for educational attainment revealed differences of approximately 0.5, 0.6 and 0.7 of a standard deviation in their reading performance at ages 7, 12, and 14, respectively. Because a difference of 0.60 of a standard deviation at age 12 corresponds to the mean growth of reading ability between grades 5 and 7, the reading performance of children in the lowest GPS octile lagged two entire school years behind the reading performance of children within the highest GPS octile. The authors conclude "it seems certain that polygenic scores will be used to predict strengths and weaknesses in education" [40] . However, if this statement should imply a clinical or educational application, this conclusion must be challenged, because it potentially confounds the individual and population levels. A genetic test may be predictive in statistical terms, but a solid reading test will undoubtedly provide more information at the level of an individual child, assuming that he/she is motivated to participate in the reading test. In case a child is not motivated to have his/her reading performance assessed, a genetic test could be informative except that it would appear problematic and potentially unethical to perform it. In conclusion, it is hard to con-ceive of a benefit of genetic testing which would exceed the information gained via a child's performance on a reading test. 3. Can genetic information be used for screening purposes?
Considering again the aforementioned example, it might be argued that a genetic test would allow a better prediction of future reading performance, particularly in a young child just starting to learn how to read or who is experiencing difficulties in his/her early reading career. This opens the door to early screening to detect children who have a high probability of reading difficulties. Undoubtedly, a genetically based screening could identify children at risk of high or low performance at a comparatively low cost; as a consequence, we can envision the use of specific training programs or even the placement of children in specific schools based on this information. Crucially, however, as for any other screening test, the benefits and risks of such an approach have to be assessed carefully (see Table 2 ; [41] ). Such an endeavor could prove useful if specific interventions are available for those with a high-genetic risk of low performance; however, currently this is clearly not the case. Furthermore, and adding to concerns related to the introduction of screening of poor reading or math performance, many societies already have serious difficulties in providing sufficient support to children showing poor performance. For example, such children are frequently taught in schools located in low socioeconomic status neighborhoods. On average, these same schools have fewer available resources per individual child, thus curtailing their educational opportunities. The introduction of genetic tests to predict future academic performance clearly requires a societal consensus. Finally, and overall, the benefits of such screening would clearly have to outweigh its potential disadvantages, among which stigmatization ranks prominently. As such, we are extremely critical of directly or indirectly propagating the use of such genetic tests if knowledge required for the identification of beneficial and detrimental intended and unintended consequences is side stepped. We perceive the danger that genetic data can be used to further reduce the opportunities of children of low socioeconomic status because investments may further be focused only on children with the potential for high performance as based on a particular genetic risk score threshold. The combination of a biologically driven approach to academic performance with (a) educational systems that already favor pupils of higher socioeconomic standing and (b) political environments producing socioeconomic marginalization is not a recipe for the future. 4. Will genetic information benefit research? This answer to this question is a clear-cut yes. We are for the first time able to assess factors that impact intelligence and that explain a sizeable proportion of population variance in IQ. Based on the aforementioned example of reading performance, we envision substantial progress for the genetic dissection of dyslexia and dyscalculia. Genetic correlations between these two phenotypes and intelligence can be calculated based on existing datasets. In upcoming years, the specific functions of the polygenes involved in intelligence are likely to be better understood. In addition, we will get a grasp of the main mechanisms involved-data that already exist point to the importance of myelinisation and neurogenesis [20] . Importantly, we will also be able to comprehend what phenotypes and what childhood mental disorders are genetically correlated with intelligence. This appears an extremely important albeit sensitive research area in light of the substantially increased risk of mental disorders in populations with low socioeconomic position.
To conclude, we perceive the urgent need for a thorough discussion of the implications of the ongoing molecular elucidation of mental phenotypes among childhood mental health professionals. This holds particularly true for intelligence and socioeconomic factors due to their strong influence on health in general and on mental health in particular. We currently do not see a role for the determination of genetic risk scores for low IQ or related phenotypes, because this information does not add to that obtained via classic psychological assessment tools. We caution against the uncritical direct or indirect propagation of genetic tests because these make sense in the context of populationrather than individual-screening only. As with any other screening test, particular care is required to ensure that the benefits outweigh the disadvantages. We encourage mental health care professionals to carefully distinguish between the individual and population levels. We need to become more knowledgeable of these exciting novel findings to ensure that 1. Recognized need 2. Objectives defined at the outset 3. Defined target population 4. Scientific evidence of effectiveness 5. Integration of education, testing, clinical services and program management 6. Quality assurance, with mechanisms to minimize potential risks of screening 7. Ensure informed choice, confidentiality and respect for autonomy 8. Promote equity and access to screening for the entire target population 9. Evaluation should be planned from the outset 10. Overall benefits of screening should outweigh the harm we can make the best use of them for our individual patients and to circumvent an uncritical and hasty "biologicalization" of these results within the broader societal context-particularly in societies, in which individual strengths are deemed relevant. We realize that a thorough understanding of these issues requires child mental health care professionals who are willing to perform research focusing on the molecular elucidation of complex phenotypes and interpret the findings in light of their clinical relevance. Accordingly, we must involve our young researchers in this rapidly evolving field.
